ABSTRACT. We report radiocarbon dates for ~150 archaeological sites in Korea belonging to the Neolithic-Bronze Age transition period. From the present compilation, we find that the Neolithic-Bronze Age transition in Korea started as early as 2300 BC and continued over the course of 800-900 yr with peaks representing population increases occurring 2-3 times. Compared with cases in other regions of the world, the Neolithic-Bronze Age transition in Korea was similar in both magnitude and transition time. However, the process in Korea appears to have occurred about 2000 yr later. Further, we find that the attempt to explain the Neolithic-Bronze Age transition in Korea as a migration hypothesis based only on a sudden population increase is not tenable.
INTRODUCTION
One of the most debated topics in Korean archaeology is the nature of the Neolithic-Bronze Age transition, a transition that is primarily from a hunting-gathering-fishing lifestyle to reliance on fullscale plant and animal domesticates (W Y Kim 1986; Heu 1991; Nelson 1992 Nelson , 1993 Rhee and Choi 1992; Norton 2000 Norton , 2007 Lee 2001; J S Kim 2002a,b) . In particular, there are 2 main arguments currently being debated: 1) the transition is due primarily to an influx of farmers migrating from the north; and 2) the transition is due to increasing indigenous population growth (see above references). Unfortunately, these interpretations have often relied on a limited number of excavations and a paucity of 14 C dates from the time period in question (about 2800-4900 BP). The intent of our paper is to present an updated compilation of 14 C dates from sites in Korea that date to the Late Neolithic and Early Bronze Age. These data are primarily derived from the Seoul National University Accelerator Mass Spectrometry (SNU-AMS) laboratory (Kim et al. 2006a,b) and culled from published literature (Nelson 1993) when applicable. Thus, we present a comprehensive range of 14 C data currently available in Korea for this time period. In Korea, the Neolithic is sometimes referred to as the Chulmun period, and the Bronze Age is sometimes referred to as the Mumun period (similar to the Japanese Jomon and Yayoi). Chulmun means having comb decorations and Mumun means no decoration on the pottery surface. Thus, the presence/absence of pottery decoration is the primary way of discerning whether a Korean site belongs to the Neolithic or the Bronze Age (for reviews see W Y Kim 1986; Nelson 1993; Norton 2000; Choe and Bale 2002; J S Kim 2002b) .
MATERIALS AND METHODS
The 14 C dates reported here are derived primarily from charcoal samples. Marine samples such as shells from middens are excluded since the marine calibration has not been well established in Korea. However, charcoal samples from shell middens were included. A total of 148 14 C dates are presented in Table 1 , with each 14 C date representing a particular settlement (see Figure 1 for locations). The number of settlements coincides only approximately with the number of excavation sites, since in some cases, 1 site produced 2 or more settlements of different occupation periods. If there are 2 clusters of 14 C dates in a certain site, we regard them as 2 settlements, thus, 2 represen-tative dates. Here, we designate a set of 14 C dates as a cluster when they are distributed continuously without any significant interruption. Figure 1 Approximate locations of settlements studied in this work. Numerical IDs taken from the first column of The particular dates chosen for a particular settlement were the oldest 14 C date in the case of Early Bronze Age settlement, and the youngest 14 C in the case of Late Neolithic settlement. The rationale for this selection was because we were interested in evaluating the variation between the upper bound of the Bronze Age and the lower boundary of the Neolithic in Korea. We present some representative examples of how we analyzed the Korean data. Example 2: Siheung Neunggok-dong Site (Figure 3) Two settlements are separated by a ~1500-yr hiatus. We take 2 representative dates from these 2 settlements, 3000 BP for the Early Bronze Age and 4500 BP for the Late Neolithic.
Example 3: Sinmaeri Site (Figure 4)
Two Late Neolithic settlements with 14 C dates of 4100 and 4800 BP, respectively. These 2 settlements are well separated with a ~700-yr hiatus in between. The Bronze Age date of 2700 BP is not used since it is beyond the scope of the present study.
Example 4: Janggeum-dong Shellmound (Figure 5)
This Bronze Age site is located in Incheon, a Yellow Sea coastal city due west of Seoul. The site is a shellmound and samples used for dating were charcoal fragments excavated from the shellmound. The date 3600 BP was chosen as representative for this settlement and is one of the earliest Bronze Age dates. The earliest Bronze Age site is reported from the inland Kangwon Province area. We interpret this site as a continuous Bronze Age settlement beginning at 3800 BP and lasting up to 1900 BP. The date 3800 BP could have been anomalous, but since the 2 14 C dates are concordant, we interpret this age to be representative for this Bronze Age settlement. The date 3800 BP marks the upper boundary of the incipient Bronze Age together with the date of 3600 BP of Janggeum-dong mentioned above. Figure 7 shows the distribution histogram of representative dates for the 148 settlements. In this histogram, all BP values were truncated in units of 100 yr. Three different bars represent the Neolithic, Bronze Age, and Neolithic-Bronze Age, respectively, with each bar shaded differently. Settlements not clearly identifiable as either Neolithic or Bronze Age were denoted as "Neolithic-Bronze Age," and the 14 C dates for these settlements were usually regarded as outliers. As evidenced in Figure 6 , although the Bronze Age is clearly observed by ~3000 BP, the inception of the Bronze Age may have started as early as about 3800-3900 BP. This early age for the beginning of the Bronze Age in Korea would make the Korean case contemporary to those of the Longshan and Erlitou Bronze Age cultures in China (Lu and Yan 2005; Shao 2005 ). Further support for an earlier Neolithic-Bronze Age transition in Korea can be found in archaeological sites in the Tumen River basin (North Korea) and neighboring regions. For example, Incipient Bronze Age settlements have been identified in the Yanbian area in Jilin Province in China and the Southern Primorye region of Russia, which have been dated to about 4000 and 3500 BP (Kang 2007) . This is comparable to the dates for the Korean Neolithic-Bronze Age transition period observed in the present study.
RESULTS AND DISCUSSION
The solid line in Figure 7 is a smoothed curve denoting the total number of settlements as a function of years BP and could be interpreted in terms of trends in population growth and decline. It is interesting to note that there are 2 major increases in this curve during the Neolithic-Bronze Age transition. The first one, a slight increment, occurs at ~4500 BP. The second increase begins at ~3700 BP and triples by 3000 BP. The second one is due to the gradual growth of the Incipient Bronze Age cul- ture, which began around 3800~3900 BP, and is therefore associated with the Neolithic-Bronze Age transition in Korea.
In some 14 C-based demographic studies, the number of settlements was weighted by settlement duration. For example, Fiedel and Kuzmin (2007) segmented each settlement into 1000-14 C yr intervals and the number of occupancy (number of centroids) is weighted accordingly. Settlements in the Neolithic-Bronze Age transition in the Korean Peninsula have a duration ranging from about 100 to 1000 yr. These duration times are just in the range of the old-wood effect. Therefore, it could be disputable to associate the measured 14 C date spreads with the actual duration time of the settlement. Furthermore, duration times for most of sites in the present study have not been determined yet. For this reason, the duration time has not been taken into account in our analysis above.
CONCLUSIONS
From the present compilation, we find that the Neolithic-Bronze Age transition in the Korean Peninsula began as early as ~2300 BC and continued over the course of 800-900 yr with peaks representing population increases occurring 2-3 times. Compared with cases of transition to farming in other regions of the world (Hanson 2000) , the Neolithic-Bronze Age transition in Korea was similar in both magnitude and transition duration. However, the Korean transition occurred about 2000 yr later. Thus, we find that the attempt to explain the Neolithic-Bronze Age transition as a migration hypothesis based only on a sudden population increase in Korea is not tenable.
